Introduction {#sec1-1}
============

**What was known?**

1\. A drug or substance may interact with another drug or substance to cause alteration in effect or production of new effect.

2\. Drug interactions may be of various types: Drug-drug, drug food, drugherb and drug-disease interaction.

3\. Topical drug interactions may occur between topical-topical drugs or between topical-systemic drugs.

Alteration of the effects of a drug by reaction with another drug or drugs, with foods or beverages, with herbs, or with a pre-existing medical condition is known as drug interaction.\[[@ref1]\] Drug interactions may be classified as drug-drug interactions, drug-food interactions, drug-medical condition interactions, or drug-herb interactions. This article will focus on different potential mechanisms of drug interactions and their clinical significance, with special interest to dermatological pharmacotherapy. Some drugs interact by a single mechanism, but some others do so by two or more mechanisms acting in concert. Drug interactions occurring outside the body are known as *in vitro* (pharmaceutical) reactions, whereas those occurring inside (the living body) are known as *in vivo* reactions. On the basis of the mechanism of action, *in vivo* interactions can be further subdivided into two categories pharmacokinetic and pharmacodynamic interactions. Drug interactions leading to serious adverse effects are known as unfavorable drug interactions. When multiple drugs are used simultaneously the patients should be under the watchful scrutiny of a doctor so that unfavorable interactions if any may be detected immediately. In some rare instances, the drug interaction may go in favor of the patient and prove to be beneficial -- such interactions are known as favorable drug interactions. For example, a combination of antibiotics such as amoxicillin and clavulanic acid interact to augment each other\'s actions. Hence it is important for the dermatologists to be aware of both favorable and unfavorable interactions.\[[@ref2]\] Fortunately, in many instances in dermatological practice, adverse interactions do not reach a magnitude of recognizable clinical concern. Rarely does the interaction result in a serious adverse outcome. Unfavorable drug interactions may lead to increased toxicity, decreased efficacy, or both. The possibility of interaction with over-the-counter drugs, herbal medicines, or various items of food should also be borne in mind. One must be extra cautious when a new drug is added to a treatment regimen because of the increased risk of drug-induced toxicity or therapeutic failure. It is a Herculean task to remember all possible drug interactions. A ready-to-refer checklist of drug interactions related to dermatological pharmacology can be a useful tool for clinical dermatological practice.\[[@ref3]\]

Drug-drug Interactions {#sec1-2}
======================

Commonly used drugs in dermatological practice are mentioned in [Table 1](#T1){ref-type="table"}. A drug-drug interaction occurs when two drugs are simultaneously present in the body and one drug alters the serum/tissue levels and mechanism of action of the other. The risk factors for such interactions may lie with the patient or with the drugs. High-risk patients are infants, children and the elderly, those who have multiple disease, those who are on multiple drug therapy, and those with renal or hepatic impairment.\[[@ref4]\] High-risk drugs are those with a narrow therapeutic index or drugs that are recognized enzyme inhibitors or inducers. The therapeutic index of a drug is the ratio of the amount of drug needed to produce the desired therapeutic effect in relation to the drug dose that can produce toxicity. If this ratio is close to one, then the drug is said to have a narrow therapeutic index. Examples of drugs with a narrow therapeutic index are cyclosporin, methotrexate, doxepin, digoxin, theophyllin, and warfarin. The interaction may be favorable or unfavorable. Favorable interactions occur when the effect of the interaction is desired, for example, interaction between amoxycillin and clauvulinic acid. However, unfavourable reactions are undesirable and may be caused either by the doctor prescribing the wrong drug combination or by the patient taking more than one drug, particularly over-the-counter medication or consuming a drug with other substances such as vitamins, herbals, caffeine, nicotine, or alcohol.
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Commonly used drugs in dermatological practice
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Drug-drug interactions may be classified into pharmacokinetic interactions and pharmacodynamic interactions.

Pharmacokinetic Interactions {#sec1-3}
============================

Interactions that can affect the processes by which drugs are absorbed, distributed, bound by plasma protein and sequestrated, metabolized, and excreted are known as pharmacokinetic drug interactions.\[[@ref5]\]

[Table 2](#T2){ref-type="table"} lists some of the drug interactions that result from these changes. The mechanisms that alter absorption involve the formation of drug complexes that reduce absorption or cause alterations in the gastric pH and/or changes in gastrointestinal motility that alter transit time.\[[@ref6]\]
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After absorption in the intestine, the portal circulation transports drugs to the liver before they are distributed by the blood flow to the other parts of the body. Many of the highly lipid-soluble drugs undergo biotransformation during the passage (first pass) through the gut wall and liver, and there are evidences that some concurrently administered drugs can have a substantial effect on the extent of first pass metabolism.

After absorption, most drugs bind to plasma proteins. The most important plasma protein is albumin and to a lesser extent, α-globulins and α-1-acid glycoprotein. Taken together, the incidence of interactions caused by competition for serum protein binding appears to be rare in dermatological practice.

Pharmacokinetic drug interactions are common in dermatology and usually involve hepatic metabolism by their influence on the cytochrome P-450 (CYP P450) isoenzyme system. The human CYP P-450 enzymes belong to three gene families, designated as P-450 1, P-450 2, and P-450 3. The P-450 3A subfamily is the most important for systemic dermatological therapy. Enzymes may be inhibited or induced. Individual drugs metabolized by a specific enzyme are identified as substrates for the isoenzyme. Considerable effort has been expended in recent years to classify drugs metabolized by this system as either an inhibitor, An inducer or a substrate of a specific isoenzyme. A drug may demonstrate complex activity within this scheme, acting as an inhibitor of one isoenzyme while serving as a substrate for another. Other enzyme systems may also influence a drug\'s pharmacokinetic profile. For example, a key enzyme system regulating the absorption of drugs is the P-glycoprotein system. Ketoconazole, a competitive inhibitor of CYP P-450 (CYP3A4) enzyme, binds tightly to heme iron and reduces the metabolism of endogenous substrates such as testosterone and other drugs such as cyclosporine, calcium channel blockers, and carbamazepine. On the contrary, omeprazole decreases absorption of ketoconazole and an antitubercular drug rifampicin increases the metabolism of the same. Recent evidence suggests that some interactions originally attributed to the cytochrome system may, in fact, have been the result of inhibition of this enzyme.\[[@ref6][@ref7]\] Griseofulvin reduces the efficacy of oral contraceptive pills by inducing the same system. Terbinafine, on the contrary, does not affect CYP 450 system and has demonstrated no significant drug interactions to date.

With the exception of the inhalation anesthetics, most drugs are excreted either in the bile or in the urine. Interference by drugs with kidney tubules fluid pH, with active transport systems, and with blood flow to the kidney can alter the excretion of other drugs.

Pharmacodynamic Interactions {#sec1-4}
============================

Pharmacodynamic interactions are those where the effects of one drug are changed by the presence of another drug at its site of action. Sometimes the drugs directly compete for particular receptors, but often the reaction is more indirect and involves the interference with physiological mechanisms. These interactions include the following:

 {#sec2-1}

### Additive interactions and combined toxicity {#sec3-1}

If two drugs that have the same pharmacological effect are given together, the effects can be additive. Additive effects can occur with both the main effects of the drugs as well as their side effects. Sometimes the addictive effects are solely toxic.

### Antagonistic or opposing interactions {#sec3-2}

In contrast to additive interactions, there are some pairs of drugs with activities that are opposed to one another.

### Interactions caused by changes in drug transport mechanisms {#sec3-3}

A number of drugs whose actions occur at adrenergic neurones can be prevented from reaching those sites of action by the presence of other drugs.

### Interactions caused by disturbances in fluid and electrolyte balance {#sec3-4}

Plasma lithium levels can rise if thiazide diuretics are used because the clearance of lithium by the kidney is changed, probably as a result of the changes in sodium excretion that can accompany the use of these diuretics.\[[@ref8]\]

[Table 3](#T3){ref-type="table"} lists some of the drug interactions that result from changes in pharmacodynamic interactions.
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Drug-food/Beverage/Herb Interactions {#sec1-5}
====================================

Drug-food or drug-herb interactions occur when a food, beverage, or herb taken along with a drug interacts with a drug to either increase or decrease its effect.\[[@ref9]\] Concomitant alcohol intake along with ingestion of antihistaminics may cause CNS depression. Alcohol may also cause nausea, vomiting, flushing, dizziness, and tachycardia if administered along with cyclosporine, ketoconazole, or metronidazole (antabuse reaction). Flavonoids in grapefruit juice inhibit enzymes of CYP P450, resulting in reduced metabolism of cyclosporin and other drugs cleared by the system.\[[@ref10][@ref11]\] Some important drug-food/herb interactions are listed in [Table 4](#T4){ref-type="table"}.
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Drug-disease Interactions {#sec1-6}
=========================

Drug-disease interactions occur when a drug aggravates an existing medical condition. They may occur in any age group but is more common among older people, who tend to have more diseases. Examples of drugs commonly used in dermatology causing aggravation or initiation of disease are antihistamines which can aggravate bronchial asthma, corticosteroids which can aggravate hypertension, diabetes and peptic ulcer and clindamycin (oral and topical) which may cause colitis.\[[@ref12]\]

Topical Drug Interactions {#sec1-7}
=========================

A variety of drugs applied topically to the skin or mucous membranes produce therapeutic effects localized to the site of application. They act primarily by virtue of their physical, mechanical, chemical, or biological properties. Although some part of the topical drug is absorbed, it does not have much of systemic actions unless it has been used for a long duration. Drugs applied topically may thus have interactions with other topical medications as well as systemic medications \[[Table 5](#T5){ref-type="table"}\].\[[@ref13]\] The concept underlying the usage of different drugs and combinations in topical form is to avoid systemic side effects of systemic preparations \[[Table 6](#T6){ref-type="table"}\]. Topical drug-drug interactions may be agonistic or antagonistic.\[[@ref14]\] A classic example of agonistic topical drug-drug interaction is the use of dexamethasone, tretinoin, and hydroquionone in Kligman\'s formula, wherein tretinoin helps absorption of hydroquinone and dexamethasone helps to minimize skin irritation that may be caused by tretinoin and hydroquinone \[[Table 7](#T7){ref-type="table"}\].\[[@ref15]\] However, an antagonistic drug interaction may occur when calcipotriene is applied before PUVA causing increase in Minimum erythema dose (MED) as a result of which UVA may cause reduction in concentration of calcipotriene. Hence when used in conjunction with PUVA, calcipotriene should be applied after UVA exposure \[[Table 8](#T8){ref-type="table"}\].\[[@ref16]\] Apart from drug-drug interactions, drug-food, drug-herb, or drug-disease interactions may also occur. Some topical drugs without significant drug interactions are mupirocin, retapamulin, calcipotriol, tacrolimus, and pimecrolimus \[[Table 9](#T9){ref-type="table"}\].
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Interaction with "Other" Drugs {#sec1-8}
==============================

A significant point which should be borne in mind by dermatologists is that drug interactions may involve drugs prescribed by practitioners of alternative medicine. Clinicians may not be aware of the pharmacology of such drugs. Before starting treatment, it is advisable to ask patients to stop all such medications to avoid unexpected and unpleasant situations.\[[@ref17]\]

Conclusion {#sec1-9}
==========

Drug interactions may at times be of benefit to the patients and are desirable. A majority of adverse drug interactions are not expressed clinically and may not be of serious concern. However, in some cases, the drug interactions may have serious adverse clinical expression. Hence it is important for the dermatologist to be aware of these interactions.

**What is new?**

1\. Drug interactions are at times beneficial and helpful.

2\. Most adverse drug interactions are not expressed clinically.

3\. Drug interactions may involve substances prescribed by practitioners of alternative medicine -- dermatologists should stop such medications before starting treatment.

4\. A ready to refer check list of drug interactions related to dermatologic pharmacology can be a useful tool for clinical dermatological practice.

CME Questions {#sec1-10}
=============

Drug interaction is observed in presence ofMore than one drugHerbFoodAll of themDrug interactions areIn vivoIn vitroNoneBothDrug interactions are.UnfavorablefavorableNoneBothAll drugs have low therapeutic index exceptCyclosprinMethotrexateTheophyllinePenicilineAll are unfavorable drug interactions exceptTetracycline and antacidRifampicin and oral contraceptivesAspirin and warfarinAmoxicillin and clavulanic acidAll are pharmacokinetic drug interactions exceptTetracycline and antacidRifampicin and oral contraceptivesAspirin and warfarinAmoxicillin and clavulanic acidNone of the topical formulations show significant drug interactions exceptMupirocinRetapamulinCalcipotriolTretinoinTherapeutic index meansLethal dose (LD50)/Effective dose (ED50)Lethal dose (LD50)Effective dose (ED50)Effective dose (ED50)/Lethal dose (LD50)In Kligman\'s formula Dexamethasone helps to minimise skin irritation caused byTretinoinHydroquinoneNoneBothPharmacokinetic drug interaction includes process ofAbsorptionMetabolismExcretionAll of the above

**Answers**

1\. d, 2. d, 3. d, 4. d, 5. d, 6. d, 7. d, 8. a, 9. d, 10. d
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